There are increasing numbers of university students in China suffering from poor sleep and psychological well-being problems. In particular, the issues are more severe among the final year undergraduate students, because they are experiencing a transitory period from university life to the workplace. However, extant research has rarely explored sleep quality and psychological well-being of final year university students. To better understand the role of sleep quality in psychological well-being, we examined the association between different sleep quality and mental health. Based on a cross-sectional survey of 2495 full-time final year university students in China, we employed multivariable logistic regression to assess association between sleep quality and psychological well-being by controlling for sociodemographic factors such as age, gender, education, marital or relationship status, household conditions, place of birth, study subjects and etc. According to the research results, we can find strong association between sleep quality and psychological well-being. Having normal sleep quality is associated with lower level of psychological well-being problems. By contrast, poor sleep quality is associated with high level of negative psychological well-being. Poor sleep quality has higher potency than normal sleep quality due to negative bias. Among covariates, age, gender and education have significant effects on psychological well-being.
Introduction
Psychological well-being of university students is an important research field, and thus this issue increasingly receives global concern [1] . Taking the UK as an example, the UK Psychiatric Morbidity Survey reported significant increases in anxiety and depression among the young people aged from 16 to 24 [1] . Rich research identifies positive mental health serves as a protective role against health risk behaviors, but negative mental health would result in risky behaviors among university students [2] . In addition, a large number of cross-sectional evidence shows that individual having much depression and hopeless tends to be less physically active [3] and has more negative feelings, such as suicidal thoughts [4] . Macaskill [1] studied the students from academic year for first, second and third year in the UK, and found rates of mental illness in students are same as that of the general population, whereas only 5.1% of them can receive treatment. Therefore, easier access to specialist treatment is in great need among university students. By contrast, some extant research finds that Hong Kong university students are more vulnerable than their peers regarding mental disorders, because their health is poorer and they have higher rates of getting depression and anxiety [5, 6] . University students are five of sleep quality on mental health. According to power calculations which depend on the prior distributions and estimates of our variables [29] , our survey demanded at least 2600 participants. To be eligible, the participants must be final year undergraduate students and were expected to obtain a Bachelor degree in July 2018. There were totally 2879 eligible participants. Finally, 2495 participants provided complete results for our survey. This study was approved by the Ethics Committee of College of Social Science of University of Glasgow on 1st September 2017 (No. 400160231).
Participants provided online informed consent at the beginning of the questionnaire, and the mean survey completion time was 12.8 min. After participants finished the survey, the WeChat system would randomly generate a voucher ranging from 1 to 10 Yuan to thank them. Additionally, this could attract more participants and to some degree increase the questionnaire completion quality. Because the voucher was sent out by the WeChat software, the data was still anonymized. Collecting a voucher in WeChat does not need the participants' personal information. This study was funded by a Doctoral Fellowship from the China Scholarship Council.
Measure of Psychological Well-Being
In this study, we chose the K6 scale of mental well-being to measure the mental disorders, classified according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV). The K6 is the reliable and valid instrument to screen for any DSM-IV disorder [30] , and additionally this measurement has been widely used to investigate the mental health of different population in China [31] [32] [33] . The K6 scale designs diagnose cases with non-specific mental illness in the general population, and is applied in national survey which is carried out by World Mental Health Initiative of World Health Organization. Regarding the K6 scale, our study took advantage of five items, including nervous, anxious, worthless, hopeless and depressed. We asked respondents how often do you feel the above five kinds of emotion within a past month. The results can range from 1 (often) to 4 (never). Thus, higher scores mean better mental health.
The results of psychological well-being were viewed as the dependent variable in the study. Due to the non-normal distribution and skewed of mental health, it cannot be served as a continuous variable [29] . Therefore, following Primack et al. [29] , we processed the data of psychological well-being in the following ways to improve interpretability. Standard cutoff for depression of 11, corresponding to T-score with 60.5 [34] , is first used to make the mental health based on the recommendation from American Psychiatric Association [1] . Second, because the K6 scale is for evaluating the levels of mental health, the study divided the results into three equal types-high (20) ; medium (17) (18) (19) ; low (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . In the first analysis, standard cutoff was applied, and three level types were used in our secondary analyses.
Sleep Quality
Pittsburgh Sleep Quality Index (PSQI) has been validated for application in different types of population samples [35, 36] . Sleep quality in the last month was assessed via three pre-specified response categories: poor quality, impaired quality and normal quality. Guo et al. [36] indicated that poor quality means that participants have sleep deprivation symptoms, like taking sleeping peels, or insomnia; participants with normal sleep quality have the following characteristics: difficult to weak up at night, enjoying a high mood in daytime, and falling sleep within 30 min; impaired quality refers to the sleep status between poor and normal sleeping quality. However, in the process of survey, participants find it difficult to define their appropriate categories. Thus, based on the above discussions, the study divided sleep quality into two categories: normal quality and poor quality. We evaluated normal and poor sleep quality through participants' self-rated in the questionnaire. Our survey provided sliders between 0 and 100 for participants. Participants assessed the percentage of their sleep quality involved normal and poor status respectively. According to Primack et al. [29] , in order to conduct logistic regression and improve results' interpretability, the study changed the participants' responses to a 10-points scale, and 1 point is equal to 10%. This transformation is based on responses' natural distribution.
Covariates
We controlled for sociodemographic factors as our covariates that are known to be related to psychological well-being and sleep quality, including education [37] , household conditions [38] , marital or relationship status [39] , physical activity [40] , and illness health [41] . In our study, education is based on the official administrative tier of China's universities, and higher level of universities means better educational quality, which may be positively related to mental health. Household conditions focus on socioeconomic status of parents. We employed Lu's division standard, which is widely used in research of socioeconomic status [42] . Regarding physical activity, following Mai et al. [43] , we divided it into three types: physically inactive, less active (meaning 1-4 occasions conducted exercise or sport within a past month), and more active (meaning 5 or more). We also investigated Body Mass Index (BMI) which is derived from weight and height to measure illness health conditions [43] , and the study placed it into physical activity.
In addition to above covariates, the study also asked participants to show their place of birth, subjects, gender and age. Age was treated as a continuous variable in years, ranging from 18 to 30 [29] . Place of birth was collapsed into two categories: rural and urban. Cheung [31] indicated that students from rural areas are more likely to suffer from psychological well-being problems. In our study, we were interested in questioning whether sleep quality of final year students from different subjects is different in mental health. Thus, we also investigated the subject information of participants.
Analysis Strategy
The study summarized the sample through depicting counts and percentage. According to the variables, in addition to continuous variables, there are plenty of sociodemographic variables. Multivariable models are usually preferentially selected when there are categorical variables with many categories [44] . Multivariable model has been commonly used in biometrical applications to model the associations between a result and predictor variables [44, 45] . We also performed t-tests to evaluate the sample mean differences on continuous, and Chi-square tests for the categorical variables. The significant values of all tests were presented. In order to meet the assumptions of analytic models, the study controlled for collinearity among all covariates. The largest Pearson's correlation coefficient was 0.598, indicating that multicollinearity issues among independent variables were not a challenge. Nonsignificant p-values (from 0.93 to 0.98) indicated that the models using ordered logistic regression meet the proportional odds assumption [29] .
Then, by employing logistic regression and ordered logistic regression, the study evaluated the effects of sleep quality on mental health. In multivariable models, the study chose a priori to adjust for all covariates. The statistical significance of a two-tailed test (α = 0.05) was defined. Using Stata 14, we analyzed all data. Based on the method of Primack et al. [29] , there were three steps of sensitivity analyses to explore results' robustness. We first used continuous variables to conduct analysis; second, extant research shows a p < 0.20 can avoid the overcontrolling [29] . And thus the study analyzed data by using covariates with a p < 0.20; third, in order to make sure that the results are consistent with the first model, we conducted the analysis by taking advantage of psychological well-being cutoffs. Due to similar results between primary models and additional analysis, this paper only demonstrated the primary results and analysis.
Results
Without statistically taking any confounders into account, Table 1 reports the descriptive statistics of variables. t-Tests and Chi-square were used to evaluate mean differences of continuous variables and the categorical variables, respectively. They indicated the variance inflation factor. The reported psychological well-being is significant. As expected, the most of final year students suffer from poor sleep quality. As shown in Table 1 , gender distribution was relatively balanced. The distribution of educational background was also in line with the administrative level of Chinese universities. Household conditions were based on the father's occupation. There were 37% of students being in love or married. 37% of participants were physically inactive, whereas 14% were more active. The mean (26.51) of BMI belongs to overweight. 39% of participants lived in rural areas, and 61% were from urban areas. In terms of subjects, the majority of participants (42%) were studying Engineering, and 35% and 23% studied Science and Humanities and Social Sciences, respectively. The age of our participant ranged from 18 to 30 years old, whose mean was 22.7 (SD = 3.2).
When psychological well-being was operationalized in tertiles, variables, including normal sleep quality, poor sleep quality and gender, show the significance relation to mental health (Table 2) . Internal consistency of the four psychological well-being items is high (α = 0.90). According to data, we found they were skewed to the right, with a mean value of 7.56 (SD = 3.6) and median of 7.1 (IQR = 5-20) on the composite scale from 5 to 20. Around 35% of sample was in the low level of mental health psychological well-being while a similar percentage was in the high level category (30%). Moreover, the distribution of all independent variables was skewed. About 11% (SD = 19) of sample reported that their sleep was normal, with a median of 63% (IQR = 27-86). Over 78% of participants reported that their sleep quality is poor, with a median of 72% (IQR = 30-95). The first group of multivariable models (see Table 3 ) explored relations with psychological well-being as a dichotomous variable. Model 1 includes normal sleep quality and the Model 2 includes poor sleep quality. Model 3 includes both of these independent variables. All relevant covariates are included in the Table 3 . In models, AOR refers to adjusted odds ratio. CI represents confidence interval. In Model 1, each 10% increase in normal sleep quality would result in a 3% decrease in psychological well-being problem (AOR = 0.97; 95% CI = 0.92-1.003). In Model 2, each 10% increase in poor sleep quality was associated with a 27% increase in psychological well-being problem (AO = 1.27; 95% CI = 1.12-1.32). In Model 3, both these independent variables were in the same model, and the results were very similar. In Model 3, each 10% increase in normal sleep quality contributed to a 5% decrease in psychological well-being problem while each 10% increase in poor sleep quality was associated with 26% increase in psychological well-being problem. In the three models, covariates, including gender (male), education (211 project university) and physical activity (body mass index), significantly associated with negative mental health. The second group of multivariable models explored associations with psychological well-being operationalized in tertiles. There are three models in the Table 4 . Model 1 includes normal sleep quality, Model 2 includes poor sleep quality and Model 3 includes both of these independent variables. It had similar results compared with the first set of multivariable models. Model 1 in the Table 4 , each 10% increase in normal sleep quality resulted in 4% decrease in negative mental health, which was of significance in statistics (AOR = 0.96; 95% CI = 0.91-0.99). In Model 2, each 10% increase in poor sleep quality contributed to a 21% increase in negative mental health. Model 3 reported the similar results compared with Model 1 and 2. In three models, gender (male), household conditions and education had significant relation with mental health. In Model 1, subject (engineering) was significantly associated with mental health. In Model 2, age (25-30) significant associated with mental health. 
Discussion
This study of final year undergraduate students in China found that normal sleep quality was weakly associated with lower level of negative psychological well-being condition, but having poor sleep quality had strong association with higher level of negative mental health. The sample in this study was within age ranging from 18 to 30 years old, covering the most conditions of final year university students in China, so this study is valuable to know the associations between their sleep quality and mental health. These findings may persuade final year university students to pay attention to their sleep quality. Because final year university students in China are undergoing transitions from university to society, they have more mental disorders than their peers [25] . University, especially in the final year, is an important transient stage in which there is a variety of pressure such as academic, financial and interpersonal pressures.
One potential explanation for the effects of sleep quality on psychological well-being is that individual sleep quality is influenced by various factors in different ways, including socioeconomic factors [46] , academic, financial and interpersonal pressures [25] , and transitory challenges [47] . The optimistic and pessimistic perceptions of future development is different among the final year university students. Because different participants have different situations, some participants tend to have normal sleep quality based on minor pressure and promising career development while some others engage in much pressure and less support and then show poor sleep quality that may result in mental problems.
The research findings reconfirm the prevalence of poor sleep quality in university [22] and the associations between sleep quality and psychological well-being [28] . Normal sleep quality is an important physiological issue for human beings, but poor sleep quality would bring serious psychological well-being problem [48] . Depression and anxiety will appear when sleep quality becomes poor. In our model including both independent variables, each 10% increase in normal sleep quality contributed to a 5% decrease in mental problem. The result was statistically significant, and it is also consistent with studies reporting the important role of sleep quality in mental health. However, the magnitude of the results were much stronger regarding poor sleep quality. Each 10% increase in poor sleep quality would result in a 26% increase in mental problem. It is interesting that the poor sleep quality has larger effect size than normal sleep quality. One may conclude that poor sleep quality may be more potent than normal sleep quality. This reasoning conforms to negativity bias concept. This concept reports a tendency of human beings to give more emphasis to negative entities compared with positive ones [49] .
In addition to normal sleep quality and poor sleep quality, there are three covariates associated with mental health. Gender, university type and age are three significant factors, and they relate mechanically each other regarding university student's sleep quality and mental health. First, gendered issue is the most significant one. Male participants had approximately 1.5-fold odds of increased mental problem than female participants. This result is divergent from plenty of extant research. Existing research reports the female university students have higher proportion of poor sleep quality [28, 50, 51] . It may result from China's social pressure of male university students, resulted from China's actual conditions. In Chinese society, the male has more opportunity of getting higher education and higher income than the female, but the male has lower happiness, caused by high expectation for male and huge pressure designed for Chinese male [52] . Second, participants from 211 project universities had 85% odds of increased mental problem compared with those in 985 project universities. Although it is consistent with the high level of academic pressure [25] , it could also result from the fierce competition among 211 project universities. Third, participants within age ranging from 25 to 30 have 15% increase in mental problem than 18-year-old participants, which shows the increasing age is significantly associated with mental health.
Although the early findings need to be replicated, they might be useful to university students' psychological well-being practitioners. Facing the special group, the final year undergraduate students in China, specific strategies are required to improve sleep quality. In China, undergraduate students have common accommodation in which several students share one bedroom, the pressure of interpersonal communication should be paid attention to.
Conclusions
This study initially explores the association between sleep quality and psychological well-being among the final year undergraduate students in China. We found that having normal sleep quality is associated with lower level of mental problem. By contrast, poor sleep quality is associated with high level of negative mental health. The magnitude of effect seems to be more substantial and significant for participants having poor sleep quality. Therefore, it could be helpful to increase awareness of the importance of avoiding poor sleep quality of final year undergraduate students in China so that we can reduce the risk of mental problem. The major limitation of this study is the nature of cross-sectional data. For future study, using longitudinal data would be useful to examine the directionality of results. Additionally, we employed K6 scale to assess mental health. The measurement of sleep quality and psychological well-being is assessed by a questionnaire. Although the sample is large enough to analyze, it is a self-report scale. Instead, it is not the gold standard that involves interview under a psychiatric professional. Lastly, the lack of sleep duration metrics is also another limitation. It is very hard to measure how many sleeping hours a participant have. However, it is part of measurement of sleep quality. In future research, techniques can be used to compute sleep duration.
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